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SUB-PICOSECOND PROXIMITY-FOCUSED VISIBLE STREAK CAMERA EVALUATION AND APPLICATIOWN

Albert J. Lieber, H. Dean Sutphin, Ronald C. hyer,
John S. McGurn, and Kenneth R. Winn
Los Alamos Scientific Laboratory, Los Alamos, N.M. B7545

Abstract

Several years ago a new era in streak cameras began with -he introduction of an x-ray
sensitive proximity-focused streak tube. This device displayed better than 3 ps resolution
and a large dynamic range, making it a fundamental laser-fusion diagnostic. The new tube
is based upon parallel-photoelectron trajectories, rather than cross-over o. pinhole
electron optics used in virtually all other streak tubes. This eliminates a host of
problems due to space charge buildup effects at the electron pinhole such as low dynamic
resolution, limited dynamir range and unpredictable instrumertal field distortion. In the
old tube instrumental errors are related to distribution of phctocathode illumination in
picosecond temporal application.

Recently a vis.ple variant of the proximity-focused tube design has been constructed.
This camera displays all the advantages of its predecessor including high sensitivity,
large dynamic range and a flat format making it ideal for digital readout. In addition,
picosecond streaks of high statistical quality indicate the cdesign limit has yet to be
reached. The new camera has already uncovered laser oscillator problems proving its
utility as a basic laser diagnostic. Using this new "photon micrometer", a myriad of new
optical technigues such as hign-accuracy three dimensional imaging are now possible.

Introduction

Streak camera temporal resolution began to be pressed to design limits by the introduc-
tion of lasers capable of producing picoseccnd pulses and experiments associated with these
devices. Over the past two decades virtually 211l streak cameras have used a strcak tube
based upon cross-over or clectron pinhole optics. Through thae years this tube has becen
upgraded by the addition of extraction grids, special photocathodes, and the use of follow=
on amplifiers. However, when pressed to the temporal limits cf true picosecond resoluticn
for x-ray laser-fusion experiments and simple laser diagnostics, the electron optics pro-
cludes production of high-resolution picosecond streaks over a wide range of input signale.
In laser-fusion applications, instabilitics of less than 2 ticoseconds require an x-ravy
Streak camera withh at least this resolution before such instabilities can be measured and
corrected. For visible recording sub-picosecond lasers reguire similar temporal raesolution
over a wide dynamic range to be a practical lakoritory diauncstic.

For these reasons a new type of strecak tube based upon the planar intensifier was
developed and opecned a new era in streak camera recording. The tube is depictoed schematical-
ly in Migure 1. Complications present in the old design duc to lens etfects and extracticn

Fig. 1. Schematic of planar strcak tube. Parallel clectron beam
optics is used te conduct photoclectron from cathode to
phosphor. Resoludcion is beam intensity indepondent and
maintained by proximity focusing.
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grids are not present since grids are not employed. Resolution problems ¢ ‘e to space
buildup at the electron pinhole are eliminated since cross-over electron cptics is not
used and thLere is nc pinhole. Unpredictable instrumental errors present at picosecond
and sub-picosecond resolution due to photocathode illumination effecting distortion are
eliminated. A large dyaamic range in excess of 500X is inherent in this type of device
because basically one can deflect and conduct a much larger peak photoelevtron current
in a sheet rather than one can "pour" through a pinhole.

Experimental Results

The planar streak tube has proved itself as an x-ray laser-fusion diagnostic. It is
the only camera capable of yielding better than 3 ps resolution over a wide range of
1-5 keV x-ray intensities. Recently the visible design derivative was introduced. It
too has shown all the advantages generic to this type of tube. The planar visible streak
tube was first tested using a 30 ps NA:YAG laser. For initial tests an etalon was used
to delay optically part of the beam bv 7 ps. Densitometer traces of the streaks are
shown in Figure 2. For these tests an .nverse sweep rate of 6-7 ps/mm was used. Some

Fig. 2. Denritomecter traces of two traces from a 30 ps
Nd:YAG laser which are optically delayed from
each other by 7 ps. For Lhese measurements an
inversc sweep velocity of 6-7 ns/mm was usoed.
The superior conduction of the streak tuboe
produces traces of high statistical quality
which in turn yield smooth densitometer pro-

fileo.
fine structure in the beams is apparent near the pulse maximum. In Fiqure 3 partially
silvered mirrors were used to measure not only sweep velocity but also dynamic range. I'n

this casce the inverse sweep velocity wes run at 4.6 ps/mm.  From Lhese data a dynamic range
of greater than 100X and instrumental resolution of 1-2 ps is evident. These data imply
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Fig. 3. Threce becam intensity and timing study. For
these studies a 4.6 and 8 ps/mm inversn sweel.
rate was used. Camcra resolution for the 4.6
ps/mm rate is 1-2 ps. Streak converqenc? is due
to fiecld distortion in the prototype tube since
the deflection plates structure is only cne cm
wide and has becn corrected in later models to
be absolutecly linear and [lat.

the camera will easily be capable o! sub-picosecond resolution with high statistical
quality streaks without pressing Lhe design limitations.

In Figure 4 typical lascr fcatures are showrn.. The switched out pulses and Porkels cell
bleedthrough arc apparent in a sinqle exposurce. Since the extinction ratio of this par-
ticular Pockels cell is quoted as BUOX this confirms a dynamie range in excess of 500X,
The increasc in width of the traces is due to film burnout and not duc to the optics of
the tube. Fiqure 5 shows some typical shots with the Nd:YAC laser. It is noted that
for shots of 10 mJ ecnerqy or less a much slower risetime is cnccountered than for shots
above 12 mJ.

To measurc the dynamic range and maximum rcsolution capability of this new lasev diag-
nostic, a much faster laser was needed. A glass laser of approximately 4 ps pulse dura-
tion is now being used together with an etalon system to determine these parameters.  Re-
sults from this study will be presented at a later date.

Liehrn



P

INCIDENT LASER BEAM

=

PARTIAL
SILVERED PLANAR STREAK TUBE
MIRROR
T
<g A :
1.0 mm —~f fo— ~29ps FWHM
55mm-
v!=8ps/mm v-!=46ps/mm
T=1-2ps
, Dynamic renge >100

~
[N
" :} L]
fos-.--alamos
scleniiiie labaralery
of g yarvsrnity of Cabloraia

A



Fig. 4. Switched out laser pulse and switch
bleedthrough are apparent in one
exposure.

Fig. 5.

Pulse profile study of a 30 ps Nd:YAG lasecr
as a function of lascr cnerqgy. The lower
energ, shots diszolav 2 clowcs cisvoime,
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